Unless otherwise stated, all chemicals and solvents were obtained from commercial sources and used without further purification. mPEG-SCM (MW ≈ 5000 Da) was obtained from Creative PEGworks. Chicken egg white lysozyme was obtained from Sigma. Analytical thin layer chromatography (TLC) was performed on Whatman AL SIL G/V254 flexible plates. Flash chromatography was performed with SiliCycle silica gel 60 Å (40-63 µm). All photoinduced cycloaddition reactions were carried out under ambient condition using oven-dried quartz test tubes with a magnetic stirrer. 1 H-NMR spectra were recorded with Inova-500 NMR spectrometer and chemical shifts were reported in ppm using either TMS or deuterated solvents as internal standards (TMS, 0.00; CDCl 3 , 7.26; DMSO-d 6 , 2.50). Multiplicity was reported as follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad.
Visualization of protein bands was achieved by staining the gel with the SimplyBlue SafeStain solution (Invitrogen). Table S1 . Various Azirines with their Isolated Yields. reduced pressure, and purified via silica gel flash chromatography using hexane-ethyl acetate as the eluents to afford the stilbene product as a solid.
Synthesis of Diarylazirines

General Procedure for Iodoazidation:
The stilbene analog was dissolved in acetonitrile (THF was used as co-solvent if the stilbene analog showed poor solubility in pure acetonitrile) along with 2.5 equiv of sodium azide in a two-necked round bottom flask placed in an ice bath. To the solution was added dropwise 1.2 equiv of iodine monochloride. The resulting mixture was stirred under argon overnight. The reaction was then quenched by addition of water and extracted 3× with diethyl ether (or ethyl acetate depending on solubility, 50 mL each time). The combined organic layer was washed with 150 mL of freshly prepared 5% sodium thiosulfate (pale yellow color turned colorless after washing), washed with brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The crude product was purified via silica gel flash chromatography using hexane-ethyl acetate as the eluents to afford the iodo azide as orange oil.
General Procedure for Vinyl Azide Formation:
The iodoazide derivative was dissolved in diethyl ether followed by addition of 1.5 equiv potassium tert-butoxide. The reaction mixture was cooled in an ice bath under argon and left stirring overnight. The reaction was then quenched by addition of water and extracted with 3 × 50 mL diethyl ether (or ethyl acetate). The combined organic layer was washed with brine, dried over sodium sulfate, and concentrated under reduced pressure. The crude product was purified via silica gel flash chromatography using hexane-ethyl acetate as the eluents to afford the desired product as brown oil that decomposed slowly to give rise to azirine. During the column purification, kinetic and small amount of thermodynamic azirines were also isolated.
General Procedure for Azirine Formation:
The vinyl azide was either refluxed in hexane or allowed to stand at room temperature for a few days before purification by silica gel column using hexane-ethyl acetate as the eluents. The desired azirines were obtained as solids.
General Procedure for Photoinduced Cycloaddition: 5 mg of azirine was dissolved in a 2 mL solvent (benzene, ethyl acetate, ethanol, ethanol/water (1:1) mixture) in a quartz test tube followed by addition of 5 equiv of suitable dipolarophile. The reaction mixture was irradiated at 302 nm using a handheld UV lamp (UVP, 302 nm, 115 V, 0.16 163.72, 161.34, 146.68, 132.02, 129.50, 129.02, 125.79, 115.76, 114.87, 60.81, 55.56, 33.81, 14 06, 159.92, 141.17, 135.36, 131.92, 131.59, 130.21, 128.14, 127.95, 126.80, 125.95, 120.60, 116.73, 33.996, 26.35, 19.42 . 160.50, 149.25, 132.51, 126.45, 123.62, 116.63, 115.31, 33.49 . To a solution of azirine 7 (13 mg, 0.05 mmol) in 2 mL acetonitrile was added potassium carbonate powder (208 mg, 1.5 mmol) with vigorous stirring, followed by slow addition of iodoacetic acid (52 
Synthesis of mPEG-fumarate 9:
Boc-aminoethyl methyl fumarate [S1] (30 mg, 0.11 mmol) was treated with 1 mL anhydrous hydrochloride (4 N in dioxane) until the starting material disappeared as monitored by TLC. The solvent was removed under vacuum and triturated 3× with anhydrous DCM to remove the remaining HCl. The residue was redissolved in 2 mL DCM and diisopropylethylamine (70 µL, 0.4 mmol) was added followed by dropwise addition of the solution of mPEG-SCM (MW ≈ 5000 Da; 200 mg, 0.04 mmol) in 1 mL DCM. The resulting mixture was stirred overnight. To the cloudy solution was added pivaloyl chloride (50 µL, 0.4 mmol) and the solution became clear after 30 min stirring. Afterwards, 10 mL dry ethyl ether was added and the mixture was cooled over dry ice. The white precipitate that appeared at the bottom of the reaction vessel were collected by filtration, washed extensively with dry ethyl ether, and dried in vacuum to give the titled compound as a white powder (135 mg, 24% 
Azirine Structural Assignment
The azirine structures were assigned based on: 1) chemical shifts of the azirine ring proton in 1 H-NMR, and 2) heteronuclear multiple bond coupling (HMBC) 2D-NMR. For unsymmetrical azirines 1-3 and 5-8, the isomer with a more downfield chemical shift for the azirine ring proton was assigned to the azirine structure with the C=N bond in conjugation with the more electronrich phenyl ring. For example, azirine 1 (kinetic product, major product isolated) showed the ring proton chemical shift of 3.289 ppm vs. 3.355 ppm for the thermodynamic azirine 1' (minor product isolated).
For azirine 4, only one product isomer was isolated. To determine its structure, we carried out the HMBC experiment because HMBC detects the long-range couplings between a proton and a carbon that are 2 and 3 (sometimes 4) bonds away with great sensitivity. The full HMBC spectrum of 4 is shown in Figure S1 . The spectrum was divided into four quadrants: yellow, blue, green, and red and the important cross peaks were encircled. There are two possible azirine structures, 4 and 4'. Based on the vital cross-peaks between azirine ring hydrogen d and the neighboring phenyl ring carbons 7 and 8, between phenyl ring hydrogen a and azirine sp3 carbon (6 for 4 or 5 for 4'), and between phenyl hydrogens e and f and azirine sp2 carbon (5 for 4 or 6 for 4'), we assigned the azirine structure to 4 as it explains better of the detected cross-peaks ( Figure S1 ). Figure S2 . ORTEP diagrams of azirine 4 shown at 50% probability. In accordance with Padwa and co-workers' previous reports, [S2] the assignments between 1a and 1a' were made based on the chemical shifts of the ring-methyl group. In the NMR spectra, there was a strong upfield shift for the pyrroline ring methyl group situating syn to the phenyl ring substituent. This strong upfield shift can be attributed to shielding effect by the neighboring phenyl ring π electrons as would be the case for 1a'. Likewise, an upfield shift of the ester methoxy group would be expected for 1a because methoxy group is syn to the phenyl ring. The assignments of the pyrroline cycloadducts with dimethyl fumarate were based on the same considerations. 
(2S,3S)-Methyl 5-(4-(tert-butoxycarbonyl)phenyl)-2-(4-meth oxyphenyl)-3-methyl-3,4-dihydro-2H-pyrrole-3-carboxylate:
Kinetic Study of the Azirine-Alkene Cycloaddition Reaction
A solution containing 100 µM azirine 2 and 2 mM dimethyl fumarate in 2 mL acetonitrile/PBS buffer (1:1) was prepared. An 150-µL solution in a quartz test tube was irradiated with a 302-nm UV lamp for 15 s (30 s for the next injection, and so on) and an aliquot of 100 µL was injected immediately into HPLC. The cycloadduct formation was monitored by UV absorbance at 254
nm. The amounts of the cycloadducts were calculated based on a calibration curve generated by injecting a reference compound (end/exo mixture) with the known concentrations run under the identical conditions. where
Unlike in flash photolysis [S3] where the nitrile ylide species was observed and constantly replenished, in the HPLC analysis nitrile ylide intermediate was not observed (see HPLC traces in Figure S2 ). This led us to assume that whenever the NY species is formed, it decays rapidly into P in the presence of excess dimethyl fumarate, and thus k 2 '>>k 1 . It follows that the rate of change of concentration of NY intermediate would be negligibly small, which leads to the steady-state approximation, d
[NY]/dt ≈ 0. Therefore, setting equation (2) to zero yields
By combining eq. 4 with equations 1 and 3, we derive Figure S3 . Plots of azirine disappearance (black square) and cycloadduct formation (red circle). The data were fitted to the exponential decay (or rise) and the first-order rate constants were derived and marked on the plots.
Protein Ligation Studies
Conjugating Azirine 8 to Chicken Lysozyme: To a 150-µL solution of azirine 8 (25 mM in DMF) was added N-hydroxysuccinimide (1.3 mg, 75 mM) and N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (1.1 mg, 38 mM). The reaction mixture was vortexed for 15 min to afford the activated azirine. Two 50-µL of this mixture were incubated with two separate 450-µL of egg white chicken lysozyme (125 µM in 10 mM NaH 2 PO 4 , 25 mM NaOAc, pH 8.5) with an additional 1 mg NHS to each to increase the solubility. Both reaction mixtures were tumbled for 3h at room temperature. Afterwards, excess small molecules were removed by using either ultracel-10K centrifugal filters (Millipore) or protein desalting spin columns (Pierce). The resulting solutions were used directly for the subsequent mass spectrometry and gel studies. The protein fractions were found to contain 44% of monoacylated lysozyme (Lyso-Azi), 22% diacylated lysozyme (Lyso-d-Azi), 7% triacylated lysozyme (Lyso-t-Azi), and 26% unreacted lysozyme (Lyso) based on ion extractions in the LC-ESI/MS analysis. The identities of Lyso, Lyso-Azi, Lyso-d-Azi, and Lyso-t-Azi were confirmed by the deconvoluted intact masses: Lyso, calcd 14304 Da, found 14304.7 ± 0.3 Da; Lyso-Azi, calcd 14598 Da, found 14598.6 ± 0.5 Da; Lyso-d-Azi, calcd 14892 Da, found 14892 ± 1.0 Da; Lyso-t-Azi, calcd 15186 Da, found 15187 ± 1.0 Da.
Photoinduced Azirine Ligation with Dimethyl Fumarate:
To an 100-µL azirine-containing lysozyme solution (125 µM Lyso-Azi) in PBS buffer, pH 7.4, in a quartz test tube was added 5.0 µL dimethyl fumarate (final concentration ~ 9 mM). Under vigorous stirring, the mixture was irradiated with a handheld 302-nm UV lamp for 2 min and then analyzed by LC-MS. Pyrroline cycloadduct formation was confirmed by the appearance of the charged ladders, which after deconvolution corresponds to the intact mass of Lyso-Pyr (14742.2 ± 0.6 Da, expected 14742 Da). The conversion from Lyso-Azi to Lyso-Pyr was estimated to be ~80% based on the extracted mass areas in the LC-MS according to the equation, MA Lyso-Pyr /(MA Lyso-Pyr + MA LysoAzi ) ( Figure S4 ). No obvious side products, such as Michael addition products, were detected in the mass spectrometry. The final full matrix least squares refinement converged to R1 = 0.0591 (F 2 , I > 2s(I)) and wR2 = 0.1686 (F 2 , all data). Unless noted otherwise all structural diagrams containing thermal displacement ellipsoids are drawn at the 50 % probability level. (14) 3177 (7) 6736 (4) 33 (2) C2 2398 (14) 2098 (7) 7249 (5) 30 (1) C3 -259 (12) 4780 (8) 6510 (5) 27(1) C4 -2471(12) 5024 (7) 5939 (5) 30 (1) C5 -3351 (13) 6532 (7) 5724 (4) 30 (1) C6 -1982 (13) 7855 (7) 6097 (4) 29 (1) C7 219 (13) 7646 (7) 6651 (5) 
